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UPTAKE OF UNIVALENT ELEMENTS: Na. K. Li, Rb, Cs, Ag, Cl, Br, AND 1 BY AQUATIC BIOTA





Mature plants; unopened buds
Mature plants; full bloom
Young plants
Pre-ﬂowering plants
Mature plants; unopened buds













































































(2) All data are based on dry weight
 
(1) Reference: Cowgill and France (1982)



































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Again, cesium isotopes will be present in the nuclear debris from weapons testing and formed from decay




















































































































monitoring in studying radiation effects.
137Cs emits a distinctive 7 radiation signal that permits its analysis by gamma radiation spectroscopy. The
nuclide is usually detectable if present, and it is often the only artiﬁcial nuclide which is detected in certain types
ofsamples. Thus, the quantity ofdata for this nuclide probably exceeds that of all nuclides monitored from fallout.
The early studies ofcesium uptake emphasized marine biota as part ofthe tracking ofthe element to ocean
repositories. Very few deﬁnitive studies exist for cesium uptake in freshwater biota. Some studies of cesium
uptake in algae in special cultures came from researchers at the nuclear weapons laboratories, but studies of
radiocesium uptake in macrophytes and aquatic invertebrates are far fewer. The most famous work on radiocesium
accumulation is the study of the uptake of cesium fromnuclear fallout in the Arctic by lichens, the consumption
of the lichens by reindeer or caribou, and the exposure of human populations who consume the cesium—
contaminated meat.
Given the previous information on the extent of studies using '37Cs, it should not be surprising that very
high-quality bioaccumulation data for this nuclide are available in research studies. In fact, the Task Force
considers the research data for bioaccumulation ofthis nuclide to be the most reliable of all ofthe bioaccumulation
data for the artiﬁcial radionuclides.
Geochemical interpretations of cesium data often use its congener element, potassium, as a reference
element. This permits the consideration of the possibility that cesium and potassium exhibit "coherence," a
geochemical term which suggests that two elements move together environmentally or follow similar kinetic
processes and mechanisms even if they do not move together environmentally. Since potassium has a major role
in plant and animal metabolism, the comparisons may provide insight into the metabolic behavior of cesium
relative to potassium. Cowgill found that relative to potassium, cesium accumulation in aquatic plants exhibited
a geochemical ratio (Cs/K) of0.25 X 10“. Taylor (1964) suggested that the cesium to potassium geochemical ratio
of the "accessible lithosphere" was 1.4 X 10“. Thus, while cesium clearly accumulates in biological materials, it
does not necessarily accumulate to levels in excess ofthat found naturally in the source mineral substrates. Also,
while the two geochemical ratios have the same order ofmagnitude, they differ sufﬁciently to suggest that cesium
uptake does not occur mechanistically by processes that mimic uptake and behavior ofpotassium. The differences
are in the metabolism of the two elements. Since cesium does not necessarily substitute for potassium, cesium's
metabolic behavior is more limited than that of potassium.
37
  












































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































CESIUM ACCUMULATION IN GREAT LAKES BIOTA






































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































CESIUM ACCUMULATION IN GREAT LAKES BIOTA ‘








(adapted from operating r
































































(1) Sediment data are dry weight; ﬁsh data are wet weight
(2) Symbols: (w) samples taken in wintergspring period (January to June); (5) samples taken in summer—autumn period (July to December); (*) cannot
calculate the number from information given
(3) Averages of bioaccumulation factors are calculated when there are two or more results for a given species of fish. The overall average bioaccumulation
factor for fishes in a lake ave
rages all data from that lake
without regard to the numbe
r of entries per species.
(4) Bioaccumulation factors reported for l"Cs based on one data set only
(5) Ratio ofbioaccumulation factors for “K for Lake Ontario and Lake Huron comparison obtained by taking the ratio ofthe averages of all ofthe
bioaccumulation factors for the ﬁshes ofeach lake.
  


























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































VARIOUS STUDIES (adapted from work of various authors)
TABLE 11














Average algae / spring water
Average [)aplmia / average algae
Average Daphm'a / spring water




Mature plants. unopened blooms
Mature plants, full blooms
Study: Cowgill (1973a)













































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































ELEMENTAL COMPOSITION OF THE BIOTA FROM LAKES IN THE
CANADIAN SHIELD. PART I — UPTAKE OF STRONTIUM, BARIUM
AND RELATED ELEMENTS BY NET PLANKTON












































Ca Mg Sr Ba
119 113 0.1 1.2
816 864 3.0 4.4
109,635 4480 197.0 82.9
5528 2487 35.1 7.0
31,551 1705 159.0 185.0
149 949 4.2 13.6
836 888 3.9 14.5
1906 1258 12.3 26.4
5259 1387 27.3 24.4
10,965 948 52.7 33.2
8451 1867 56.7 65.0
6177 2098 38.2 49.7
20,628 1995 107.0 50.2
6533 2128 39.8 37.1
10,427 1978 67.8 84.9
6606 1986 46.6 54.5
29,742 1429 120.0 75.0
15,229 1595 81.0 51.7
52,857 2053 227.0 153.0
5003 1933 29.5 34.4
12,117 1087 61.5 44.3
5431 1501 35.7 50.4
21,280 968 118.0 149.0
23,680 1686 114.0 66.3
4107 1523 27.1 44.5
58,237 2098 290.0 193.0
5101 1818 37.2 36.6
52,470 12,383 248 233
14,943 1590 44.1 29.7
27,246 823 63.5 41.7
61,675 1771 139 44.9
19,024 823 85.0 32.1
8051 477 40.2 24.4
59,409 1706 125 35.8
16,285 836 55.5 13.5
3910 878 20.3 12.5
30,558 878 244 106








































































































































































































































































































































































































































































































 GROUP IIb ELEMENTS: ZINC, CADMTUM, AND MERCURY
Zinc, cadmium, and mercury
































































































































































































































preparation of an estimate of its inventory in Great Lakes biotic compartments.
GROUP IIIa ELEMENTS: BORON, ALUMINUM, GALLTUM, INDIUM, AND THALLTUM

































































































































































are produced cosmogenically. Data for aluminum may assist in the understanding ofthe behavior ofother elements,
but no separate bioaccumulation factors for aluminum are given.























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































UPTAKE OF RARE EARTH ELEMENTS AND THEIR CONGENERS BY AQUATIC BIOTA
(from Cowgill 1976)
Geochemical ratios





7.37 >10'8 >28 X 109 0.184 34.8
Trap rock 0.0823 8.36 0.060 3.53 073
Spring water 1.4805 1122 7.25 32.2 4.89
Euglena gracil
is 8.92




Average Daplmia 56.5 24,153 6186 285 109
5
7
Ca/Ti Ca/La Ca/ZRE P/Ti P/La P/ZRE
Earth's crust 7.37 1391 0.184 34.8 0 73
Trap Rock 836 4918 2882 0.060 3.53 1








Average Daplmia 24,153 1 l 11 427 6186 285 109
































































































































































































































































































































































































































































GROUP IVa ELEMENTS: CARBON, SILICON, GERMANIUM, TIN, AND LEAD
The Group IVa elements are carbon, silicon, germanium, tin, and lead. Although they share a common
chemical grouping, their chemistry differs very markedly from element to element. For that reason, each element
is discussed separately without any major prefatory statement. Data on uptake of Group IVa elements is presented
in Table 15.
Carbon
The major radionuclide of carbon is 14C, and it requires consideration all by itself. However,
bioaccumulation factors for carbon would require a consideration of all the compounds which are formed. Thus.
bioaccumulation factors are not developed for 1‘C, per se, but specific inorganic and organic compounds that
contain the element.
Silicon
Silicon is an essential element in the skeletal structure of diatoms and Foraminafera, usually in the
amorphous mineralogical form of opaline phytoliths. The bioaccumulation of silica suggests that it might be a
macronutrient in plants other than diatoms, but as earlier indicated, many silica analyses may be faulty because of
analyses of silica on the material rather than silica in the material.
The biological cycling of silicon in the Great Lakes (because of diatoms) has been intensively studied by
Stoermer and his coworkers. Wahlgren et a1. (1980) used the cycling of silica to explain much ofthe dynamics of
the movement of transuranics, especially plutonium, in Lake Michigan, particularly the movement of plutonium
to sediments and seasonal distributions. The silicon—plutonium connection thus has particular importance in
establishing inventories of transuranic radionuclides to the Great Lakes.
Two radionuclides ofsilicon, 3 1 Si and 3Si, are produced cosmogenically. There is some limited production
by fission, but no indication that the fission isotopes are released to the Great Lakes. The same procedures used
to develop biocompartment inventories for the cosmogenically produced nuclides of aluminum can be used to
produce biocompartment inventories for the radionuclides of silicon.
Germanium
Germanium does accumulate in biota, but there are many problems with analytical procedures and other
technical concerns that mitigate making the most cursory estimates of germanium bioaccumulation factors.
Germanium has not been detected or reported on in Great Lakes water or biota, but its presence is sufficiently
difficult to measure that it might be overlooked. Germanium isotopes are found in fuel elements and therefore of
possible concern, although as previously noted. the discharge of germanium to the Great Lakes is largely
undocumented.
The analytical procedures for germanium are quite difficult, and there are many technical problems in
detecting and quantifying this element in aquatic media. Some of these methodological difficulties cast doubt on
the confidence of some of the data in the literature. Given the very limited data available for the element. there































































































































































































































































































































































































































































































































































































































































































































































































































































































































































                                                         
TABLE 15
UPTAKE OF GROUP 1V, V, AND VI ELEMENTS BY AQUATIC BIOTA:



































































Study: Cowgill (1973a, 1974a)

















































Study: Uthe and Bligh (1971)


































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Hafnium has several long-lived isotopes, including one that is primordial. It also accumulates to a very
limited degree in plants. The limited data come mainly from Cowgill.
Vanadium
Vanadium accumulates in organisms (Table 16) and is an essential micronutrient for certain plants and
fungi. 50V is a primordial radionuclide. Other radionuclides of vanadium form as both fission and activation
products. Recent interest in vanadium by a number of researchers has provided a data base on vanadium uptake
in plants and animals that offers possibilities in estimating its behavior in biological compartments. However. there
is only limited indication that vanadium radionuclides are released to the Great Lakes. Rather, the importance of


































































































































































































































































































































































































































UPTAKE 0F SELECTED TRANSITION ELEMENTS BY AQUATIC BIOTA:
Ti, V, Cr, Mn, Fe, Co, Ni, Zn, Zr, Nb, Mo
(adapted from data of various investigators)
 
Species or substrate Elements (ppm)
Ti V Cr Mn Fe Co Ni Zn Zr Nb
Nup/tar advent
: ( Linsley Pon
d ,1972)
Flowers 2.7 0.64 247 1040 0.25 4.2 105 8.7
Flower stem 2.6 0.53 151 1320 0.19 3.4 110 13.1
Leaves 2.5 0.60 719 1290 0.22 4.8 139 10.1







Young plants 20.1 0.076 2.23 3807 8929 0.23 0.40 15.2 5.9 0.29
Prc-ﬂowcring plants 3.3 0.067 2.05 6532 2835 0.27 0.49 19.0 2.2 0.34
Unopened bud plants 1.3 0.063 2.0 3242 1349 0.73 0.55 19.7 1.5 0.38















17.4 9.1 4501 52
Station IV
2.9 1.5 1420 1.3
(Iceland)
Station 1
10.0 5.2 4059 57
Station 11







2.4 4.4 1 3 132 1014
3.3 4.2 135 14.9 16.1
Daphnia magna
2.3 1.3 0.6 94 916
0.7 3.6 102 15.9 11.9
Average Bap/min



































































































































































































































































































UPTAKE 0F SELECTED TRANSITION ELEMENTS BY AQUATIC BIOTA:
Ti, V. Cr, Mn, Fe, Co, Ni, Zn, Zr, Nb, Mo





Study and species or















































































































































































































































































































































































































































































GROUP VIIa ELEMENTS (THE HALOGENS): FLUORJNE, CHLORINE, BROMINE, IODINE, AND
ASTATINE
The halogens, Group VIIa, of the Periodic Table are elements with univalent negatively charged ions:
ﬂuorine, chlorine, bromine, iodine, and astatine. Since astatine is an artiﬁcial nuclide, it is not discussed here. The
remaining halogen elements exist naturally as diatomic gases or as salts in various minerals. The largest source
ﬂuorine is in minerals, especially certain aluminum and phosphate minerals. Chlorine, bromine, and iodine occur
both as rock salt minerals as well as dissolved in ocean waters.
Fluorine
Fluorine has a very limited biological uptake. The carbon—ﬂuorine bond is very strong, but it is also very
difﬁcult to create. A group of ﬂuorine accumulator plants (terrestrial, and mainly found in Africa) apparently can
metabolize and store ﬂuorine through a ﬂuoracetic acid pathway. Fluoracetic acid is very toxic to almost all animal
species (terrestrial and aquatic) because it interferes with the Krebs’ cycle. Radionuclides ofﬂuorine have virtually
no role in the Great Lakes, and there are no inventory calculations for ﬂuorine presented.
Chlorine
Chlorine has several radionuclides, some of which are formed cosmogenically. Also chlorine is a
macroelement in biological tissues because of its role in the maintenance of electrolyte balance and osmotic
pressure, but studies of radioactive chlorine behavior in environmental systems are almost nonexistent. A review
group evaluating the Draft Environmental Impact Assessment for high level waste deposit in a possible Canadian
Shield repository noted with some surprise the apparently unexpected presence of detectable 3"C1 in reactor
material. Although the nuclide can form as a ﬁssion product as well as cosmogenically, apparently its ﬁssion yield
is so small that its appearance in the reactor materials was unexpected. The usual source of this nuclide is the decay
of the cosmogenically produced 3SS. Consequently, some fraction of biologically retainedchlorine would be
expected to be radioactive.
Bromine
Bromine accumulates in several organisms and exhibits some unusual biological properties. It is a major
inorganic constituent of the neurotoxins produced by several species of marine animals. It has been detected
enriched in tumor tissue of a primate (Cowgill 1977), and the sodium or potassium bromide salts have long been
used by humans for the treatment of headaches. Radionuclides of bromine form directly as ﬁssion products and
as a decay product of other ﬁssion products. Although elemental bromine is a liquid at room temperature, it
vaporizes easily and might accompany chlorine and iodine in gaseous efﬂuents. However, most bromine occurs
naturally as anionic material, usually either as bromide ion or bromate ion. Since most bromide and bromate
compounds are very water soluble, the element attains a special importance should some accidental breach of
nuclear fuel element integrity occur. Bromine would carry other nuclides directly into solution creatinga hi gh-level
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This artiﬁcial element has several isotopes, all radioactive, but the most important isotope is 99To (half-life
212,000 years). The remaining isotopes are short lived and not considered. Technetium bioaccumulates in tissues,
but its pathways of biological cycling are almost unknown. There have been no comprehensive environmental
studies, although its expected chemical form of technetium in aqueous systems is the TcO,“, most of whose
compounds are soluble. This makes the element potentially available for uptake by organisms in the water column.
Radionuclides of technetium result from ﬁssion and neutron activation. The isotopes also have use as
medical diagnostic agents. Thus, there are many sources of technetium to the Great Lakes, but without a
considerable quantity of fundamental data on water levels and biotic levels, no bioaccumulation factors are
estimatable.
GROUP VHIB ELEMENTS: COBALT, RHODIUM, IRIDIUM, NICKEL, PALLADIUM, AND PLATINUM
Similar to the Group VIIb elements, the Group VIHb elements also come in two subgroupings: (l) cobalt,
rhodium, and iridium and (2) nickel, palladium, and platinum. Only cobalt from the ﬁrst subgrouping and nickel
from the second subgrouping have radionuclides that are potentially bioaccumulation problems for Great Lakes
biota (Table 17). The radionuclides of both elements are activation products and among those for which
environmental monitoring is called for if detected.
Cobalt
All radionuclides ofcobalt form as activation products. Four radionuclides, “Co, “Co,5"Co, and °°Co are
discharged to the Great Lakes. Two of the nuclides, °°Co (half-life 5.26 years) and “Co (half-life 270 days) are
important in the discharges to the Great Lakes. The former has commercial use, and the latter is a major nuclide
in research.
Cobalt is an essential micronutrient and is the metallic element that activates vitamin B12. Therefore, cobalt
biouptake is expected in all aquatic biota. Since a radioactive version ofthe vitamin is a source of internal radiation
to blood forming organs and the liver in vertebrates, the cycling of cobalt is of both health and ecological interest.
Nickel
Most radionuclides ofnickel form as activation products or the decay products ofradioactive isotopes of
other activation products, notably radionuclides of cobalt. Thus, cobalt and nickel are strongly connected in their
radiochemistry. The direct discharge of radionuclides of nickel to the Great Lakes is infrequent, and a continuous
discharge of radionuclides of nickel suggests possible reactor shielding operational problems.
Complicating the situation about nickel discharges to the Great Lakes is the INCO smelter at Sudbury,
Ontario. The stack on this smelter is the largest discharger of nickel to the environment in North America. A
gradient of nickel levels in water and terrestrial vegetation from Sudbury, Ontario, to the Great Lakes tracks these
discharges. As an example, compare the nickel level in zooplankton from McFarlane Lake in Table 16 with other











































































































































































































































































































































































































































































































































































































































































































































































































































THORIUM IN AQUATIC ORGANISMS
(Adapted from Cowgill 1973a, 1973b)









Flowers 2.3 Flowers/sediments2 2.6 0.14‘
Flower stalks 1.1 Flower stalks/sediments: 1.3 0.09‘
Leaves 1.6 Leaves/sediments3 1.8 0.124
Stems 1.5 Stems/sedimentsZ 1.7 0.1 14
N. odorata (1972)
Flowers 1.7 Flowers/sedimentsZ 1.7 0.1 14
Flower stalks 0.6 Flower stalks/sediments2 0.68 0.044
Leaves 1.7 Leaves/sediments2 1.9 0.134
Stems 0.1 Stems/sediments2 0.17 0.01‘
R. nymphaeae (aphid) 0.76 Insect/average plants3 0.46 0.034
Outlet water Not detected
Crustal material 9.6|
Notes: (1) References: Cowgill (1973), Taylor (1964). All data are dry weight.
(2) Sediments used in these calculations are those from which the macrophytes were harvested.
(3) Plants used in these calculations refer to leaves on which the aphid feeds.
(4) Reference element for the enrichment factor calculations is titanium. Thorium is not easily accumulated by
either plants or insects. Under these circumstances, radiation effects ofthorium on biota are reasoned to reflect




























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































BIOACCUMULATION FACTORS FOR FISHES FROM LAKE HURON
FOR VARIOUS ASSUMED WATER CONTENTS OF TISSUES
Eleme Fish Flesh2 Water R R assuming 50% water R assuming 80% water
nt (mg/kg wet weight) (“g/L) content in ﬁsh ﬂesh content in ﬁsh ﬂesh
Ba 001710.014 14.21 1.1 1.2 2.4 12
Ca 3391416 25,640: 1942 13 26 130
Cr 0.053 :t 0.021 0.46 i 0.08 114 228 1140
Cs 0.011 t 0.006 0.001 10,800 21,600 216,000
Fe 4413.9 10.7107 415 830 4150
l 0.12 i 0.04 0.96 d: 0.09 6076 12,152 60,760
K 4071 i 485 670 :1: 130 62 124 620
La 0.00041 i 0.00024 0.005 t 0.001 52 104 520
Mg 257 :1: 37 5800 :1: 875 44 88 440
Mn 011$ 0.05 0.28 i 0.17 412 824 4120
Mo 0.0048 i 0.0021 0.41 i: 0.06 12 24 120
Na 407 i 162 1.40 i 0.23 146 292 1460
P 2374 t 270 8 i 5 29,600 59,200 296,000
Rb 6.3 d: 2.4 0.65 i 0.11 9724 19,448 97,240
Sb 0.0059 1 0.011 0.11 i 0.11 53 106 530
Sr 0.223 i 0.222 88 i 9 2.54 5.08 26
V 01010.04 0.56i 0.27 155 310 1550
Zn 3.9 i 0.9 0.72 i: 0.08 5510 10,200 102,000
Notes: (1) Data given in columns 1, 2, 3, and 4 are adapted from Table 3 ofreport WPTR No. 2719, Reducing the
Contribution ofthe Fish Pathway to 0515 1997 Annual Report (Contract Ofﬁcer: Lorna Chant). Values are means i
standard deviation ofthe results. Since most biological samples can have large variability in elemental composition,
reported standard deviations sometimes exceed the means. Such data indicate the data may be distributed “log
normally" instead of“normally."
(2) While only fish ﬂesh data are given herein, the referenced source ofthatdata suggest that the bioaccumulation
factors for Cs, K, Rb are the same for whole ﬁsh because these elements are uniformly distributed throughout the
specimens.
(3) The data indicate a rare observation of Sb in tissue and water. The referenced source indicates that Sb was not
detectable in whole-ﬁsh samples.

























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Biogeochemical cycles for the chemical elements in Nymphaea odorata Ait. and the aphid
Rhopalosiphum nymphaeae (L.) living in Linsley Pond; Sci. Total Environ. 2: 259—303.
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MEMBERSHIP OF THE NUCLEAR TASK FORCE
DR. MURRAY CLAMEN, CO-CHAIR, CANADIAN SECTION, INTERNATIONAL JOINT COMMISSION
Dr. Clamen is Secretary of the Canadian Section of the International Joint Commission (1]C) and is
responsible for the day-to-day operations and management of the Section. A registered professional
engineer, his expertise is in international water resource studies and environmental assessments. His career
has included experience in the private sector with consulting engineering and research ﬁrms in Quebec and
British Columbia and a total of 20 years in the Federal Public Service; 17 years with the IJC, and three with
Environment Canada. At the I]C he has provided technical and policy advice to the Commissioners on a
wide range of transboundary issues and participated in numerous Canada/US. studies and assessments.
DR. JOEL FISHER, CO-CHAIR, US SECTION, INTERNATIONAL JOINT COMMISSION
Dr. F isher’s environmental work began in the military service where he worked on programs to dissemble.
disarm and dispose of nuclear and chemical munitions. Later at the United States Environmental Protection
Agency he worked for several years on programs which addressed the environmental fate and behaviour of
pollutants in the emissions from fossil fuel and nuclear power plants. At the International Joint
Commission, he advises on the problems of environmental fate and behaviour of pollutants which have
transboundary implications.
DR. ROSALIE BERTELL, GNSH, INTERNATIONAL INSTITUTE OF CONCERN FOR PUBLIC HEALTH
Dr. Bertell has worked professionally in Environmental Epidemiology since 1968, serves on the Advisory
Boards for the Great Lakes Health Effects Program of Health Canada, and the Ontario Environmental
Assessment Board and has been a member of the IJC Science Advisory Board. She has published a
Handbookfor Estimating the Health Effects ofExposure to Ionizing Radiation and the popular non—ﬁction
book: No Immediate Danger: Prognosis for a Radioactive Earl/z, together with more than 100 other
publications.
DR. BLISS TRACY, HEALTH CANADA
Dr. Tracy heads a group on radiological impact at the Radiation Protection Bureau. He has carried out a
number of research projects on environmental radioactivity including the uptake of radiocesium in Arctic
food chains, uranium uptake and metabolism in humans, and radioactivity in Great Lakes ecosystems. Dr.
Tracy provides advice regularly toward environmental impact assessments of nuclear and radioactive waste
disposal facilities. He is also involved in planning for the Federal Nuclear Emergency Plan and is
contributing to the design of an international monitoring system for veriﬁcation of the Comprehensive Test
Ban Treaty.
MR. ROBERT KRAUEL, ENVIRONMENT CANADA
Mr. Krauel is manager of the Environmental Contaminants and Nuclear Programs Division in Environment
Canada's Ontario Regional Ofﬁce. Mr. Krauel has been Coordinator of the Federal - Provincial Remedial
Action Plan Team for Port Hope Harbour. He has participated in several environmental assessment reviews
related to the nuclear industry, including uranium mine decommissioning, low level radioactive waste
management, and uranium reﬁning and conversion.
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